Annually, over 350,000 persons require cardiopulmonary resuscitation (CPR), either in or outside of the hospital. With obesity a rising health issue in the United States, concerns exist regarding the efficacy of quality compressions for CPR in obese patients. The aims of this study were to determine if the compressions for three adult simulation manikins (normal, obese, and morbidly obese) met quality guidelines; to examine any differences in quality of chest compressions performed by health care providers between the three manikins; and to examine the effect of participant characteristics on the quality of chest compressions in obese and morbidly obese manikins. A randomized controlled design was used. Sixty-one health care providers performed chest compressions on the three simulation manikins. Results showed that performance on the normal-sized manikin was significantly better than that on both obese and morbidly obese manikins. Participant characteristics were significantly associated with quality of chest compressions. The effectiveness of compressions in obese and morbidly obese CPR recipients has yet to be determined. O besity, defi ned as a body mass index (BMI) ≥30.0 kg/m 2 , has been recognized for hundreds of years as a health hazard (1). An estimated 79 million people are obese in the US, and roughly 70% of US adults are considered overweight (2, 3). Obesity increases the risk of cardiovascular dysfunction and sudden cardiac arrest (4-7). Th ere are concerns regarding the effi cacy of resuscitation in obese patients related to the quality of chest compressions. In a 2015 study by Lee and colleagues, researchers found that during cardiopulmonary resuscitation (CPR) chest compression, depth decreased as patients' BMI increased, suggesting that the recommended depth of 5 cm may need to be reevaluated for obese patients (8). Th e fi rst aim of this study was to determine if the quality of chest compression for three adult simulation manikins (normal, obese, and morbidly obese) met the American Heart Association (AHA) guideline for quality chest compressions (28 compressions out of 30 at the appropriate depth of at least 5 cm as determined by an electronic skills reporter). Th e second aim was to examine any diff erences in quality of chest compressions performed between the three adult simulation manikins. Th e third aim was to examine the contribution of participant characteristics of height, weight, gender, and upper body strength to the quality of chest compressions in obese and morbidly obese manikins.
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METHODS
A randomized controlled design was used for this study, wherein the order of performing CPR on normal, obese, and morbidly obese manikins was randomized using a randomization table. Each participant performed CPR in one of six orders (123, 132, 213, 231, 312, 321), where 1 represented a normal manikin; 2, an obese manikin; and 3, a morbidly obese manikin. Obesity was defi ned as a BMI ≥30 kg/m 2 and morbid obesity, as a BMI ≥40 kg/m 2 . Th e order was an issue since studies have shown that rescuers become fatigued during CPR and the quality of their compressions can decrease (9) .
Th is study was conducted in a 116-bed for-profi t cardiovascular specialty hospital located in North Texas. After obtaining institutional review board approval, all employees of this hospital who provide direct patient care and were certifi ed in basic life support were invited to participate in the study. Only those with any current impairment preventing the administration of CPR were excluded. A power analysis yielded a sample size of 112. Th e study was discontinued early with a sample of 61, as preliminary data analysis yielded obvious statistically signifi cant results related to the research questions addressing quality of compressions.
Adult simulation manikins with an electronic skill reporter were used to determine chest compression quality. Th e electronic skill reporter contains lights that provide feedback on compression depth and hand position. A printout was obtained containing the same information. Since immediate feedback has been shown to improve the quality of CPR (10), only the research team could see the feedback indicator lights during the trial. A standard adult CPR manikin with an electronic skill reporter was used as the "normal-sized" manikin. Th is manikin closely mimics the average size of an adult female of normal Efficacy of acute care health care providers in cardiopulmonary resuscitation compressions in normal and obese adult simulation manikins Alaina Tellson, PhD, RN-BC, NE-BC, Huanying Qin, MS, Kristin Erwin, BA, and Susan Houston, PhD, RN, NEA-BC weight (11) . Only adult manikins were utilized for this study since the majority of cardiac arrests occur in adults (12) . Baubin and associates studied the compression characteristics of CPR manikins and found that the standard CPR manikin used in this study was consistent 100% of the time in the amount of pressure it took to perform an adequate chest compression (11) . Th e standard CPR manikin used in this study had a 16 cm diameter with a moderate thorax resistance similar to that in humans (11) .
Based on BMI guidelines, manikins to mimic an obese and a morbidly obese adult were created, manufactured, and tested by a professional in the fi eld of manikin design and manufacturing. Th e manikins were manufactured by taking molds of the standard manikin and adding the calculated amount of a foam substance of a consistency similar to adipose tissue to obtain the proportional equivalent of an obese person and morbidly obese person based on body casts of two individuals matching the BMI criteria for obese and morbidly obese. Th e body casts of the two individuals were also used to make the "skin." Th e thorax framework and the sensors from a standard CPR manikin were in the correct anatomical position in the new manikins.
Th e new manikins were tested for consistency in measuring adequate chest compression by the research team.
Th e participants were asked to perform two cycles of chest compressions (15 compressions per cycle) on each size manikin at a rate of 100 per minute at a depth of at least 2 inches per current AHA guidelines, with a 5-second pause between the cycles of chest compressions (12) . Manikins were placed on hospital beds with backboards under the manikin to replicate an inhospital scenario. Th e quality of compressions for each manikin was recorded. At the time of the study, a member of the research team recorded the number of times the electronic skill reporter indicated an adequate compression. Th ese data were verifi ed by a printout obtained from the electronic skill reporter by another member of the research team. Th e quality of chest compressions was measured as the number of successful compressions out of 30 attempts. For each participant, demographic data were also collected, including age, ethnicity, gender, height, weight, and upper body strength. All participants' heights and weights were obtained on a calibrated medical scale at the time of participation in the study. Upper body strength was measured using a handheld dynamometer using the manufacturer's protocol for strength testing.
SAS Enterprise Guide 6.1 (SAS Institute, Cary, NC) was used for data analysis. A P value < 0.05 was considered statistically signifi cant. Descriptive statistics were summarized on participants' demographics. Th e outcome, the number of successful compressions out of 30 trials on each manikin, was compared to the AHA standard (28 out of 30) using Wilcoxon rank sum test. Comparison was performed on the outcome between the three manikins using Wilcoxon signed rank test. Th e Bonferroni method was used for multiple comparison correction for both the Wilcoxon rank sum test and the Wilcoxon signed rank test. Th e relationship between the outcome and participants' demographic variables was assessed using a generalized linear model with Poisson as the link function.
RESULTS
Sixty-one health care professionals were recruited and agreed to participate as "rescuers." Th eir characteristics (age, gender, ethnicity, height, weight, BMI, and upper body strength) were recorded (Table 1) . Th e age range of participants was 22 to 62 years old. Th eir height ranged from 150 to 188 cm. Eighty-two percent of participants were female, which was anticipated since most health care workers are female. Th eir BMI ranged from 18.38 to 43.49, and their upper body strength ranged from 40 to 140 psi.
When the number of successful compressions performed by rescuers was compared to the AHA guidelines, performance on the normal-sized manikin was not signifi cantly diff erent from the AHA standard (P = 0.09), but performance on the other two manikins was signifi cantly lower than the standard (P = 0.0001) ( Table 2 ). Pairwise comparison in the number of successful compressions among these three manikins was performed. Th e performance on the normal-sized manikin was signifi cantly better than that on both obese and morbidly obese manikins, with P = 0.0001 for each comparison. Th ere was no signifi cant diff erence in performance between the two obese manikins (P = 0.10).
A multivariate regression analysis was performed on the data from the normal manikin and rescuer characteristics. As shown in Table 3 , age, BMI, upper body strength, ethnicity, and manikin order were all signifi cantly associated with the number of successful compressions. Th e performance of black, Asian, and white participants was signifi cantly better than that of Hispanics; an increase in age by 1 year was associated with a decrease in the number of successful compressions by 0.0167; an increase in BMI by one unit was associated with an increase in the number of successful compressions by 0.0159; and a one unit increase in upper body strength was associated with an increase in number of successful compressions by 0.0038. Th e order of performing CPR on normal, obese, and morbidly obese manikins was randomized using a randomization table where 1 represented a normal manikin; 2, an obese manikin; and 3, a morbidly obese manikin. Regarding the randomization order, the orders 213 and 231 were associated with a lower number of successful compressions than the order 321, which was the reference point.
DISCUSSION
High-quality, eff ective compressions are vital to successful CPR (9, 12) . Results of this study indicate that compression quality is lower when performed on obese and morbidly obese adult simulation manikins. Only a few other studies have explored the relation between obesity and quality CPR. Edelson and associates found that morbid obesity was associated with poor outcomes in comparison to subjects who were not morbidly obese (13) . Th ey also found that morbidly obese patients received shallower chest compressions. Hamilton concluded that CPR training for individuals working in a hospital should be representative of potential situations that they may encounter (14) , and it is likely that health care workers will encounter obese or morbidly obese patients. Implications for healthcare workers include maintaining competency of basic life support skills and being prepared to deliver CPR on obese patients.
A literature search on the impact of rescuer characteristics such as height, weight, gender, and upper body strength yielded no results. However, the potential eff ect of these characteristics should be considered. Our study showed that signifi cant relationships exist between certain demographic and personal variables and quality of chest compressions.
While our study was limited by its approach of using simulation manikins as a surrogate for obese and morbidly obese CPR recipients, its results regarding eff ective CPR on obese and morbidly obese patients clearly warrant further investigation. One area to investigate is the use of mechanical compression devices and feedback devices that are now available to assist in administering quality compressions. Th e prevalence of survival to discharge after in-hospital CPR in obese and morbidly obese patients should be studied. Finally, research is needed to examine outcomes and eff ectiveness of compressions in combination with rescuer characteristics, with the aim of increasing quality of compressions among individual providers. Innovative methods need to be developed to aid in performing successful CPR on obese and morbidly obese patients. Otherwise, the mortality rate in this population will remain at an unacceptable level. 
